Background Antiplatelet therapy is a cornerstone of treatment following acute myocardial infarction (AMI). Recently, prasugrel, a new and potent antiplatelet agent, has been introduced in clinical practice. To date, however, real-world in-hospital and followup data in Japanese patients with AMI remain limited. Objectives To examine ischemic and bleeding events in Japanese patients with AMI and the association between these events and antiplatelet therapy. Methods The Japan AMI Registry (JAMIR) is a multicenter, nationwide, prospective registry enrolling patients with AMI from 50 institutions. The inclusion criterion is spontaneous onset of AMI diagnosed based on either the universal definition or Monitoring Trends and Determinants in Cardiovascular disease (MONICA) criteria. The major exclusion criteria are hospital admission ≥ 24 h after onset, no return of spontaneous circulation on admission following out-of-hospital cardiopulmonary arrest, and AMI as a complication of percutaneous coronary intervention or coronary artery bypass grafting. The primary end point of the study is the composite of cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke. Major safety end points include major bleeding based on Thrombolysis in Myocardial Infarction (TIMI) criteria and type 3 or type 5 bleeding based on Bleeding Academic Research Consortium (BARC) criteria. Between December 2015 and May 2017, a total of 3411 patients (mean age 68.1 ± 13.2 years, 23.4% female) were enrolled in the study. Patients will be followed for 1 year. Conclusions JAMIR will provide important information regarding contemporary practice patterns in the management of Japanese patients with AMI, their demographic and clinical characteristics, in-hospital and post-discharge outcomes, and how they are related to antiplatelet therapy.
In the past few decades, various types of studies on AMI have been carried out to improve treatment [3, 4] . Most of the evidence has been provided by studies carried out in Western countries [4] . However, Japanese individuals have different physiques, genetic backgrounds, and medical environments [5] . It is unknown whether evidence from Western countries could be generalized to clinical practice in Japan. Consequently, the Japan Acute Myocardial Infarction Registry (JAMIR) was initiated to generate original data about Japanese subjects. Recently, a retrospective analysis was performed [6] .
Antiplatelet therapy is a cornerstone of treatment to prevent thrombotic complications after AMI [7, 8] . Dual antiplatelet therapy (DAPT) with aspirin and clopidogrel is the conventional gold standard for antiplatelet therapy after AMI and coronary stenting. However, clopidogrel exhibits significant interpatient variability in antiplatelet response, mainly because of genetic variations in cytochrome P450 (CYP) 2C19 [9] . Of note, decreased response to clopidogrel is common among Asians due to a high prevalence of genetic polymorphisms [10] [11] [12] . Indeed, the prevalence of CYP2 C19*3 allelic variants, a major loss-of-function polymorphism in CYP2C19, is 24.2% among Japanese, 14.8% among Koreans, but only 0.4% among Africans and 0.2% among Caucasians [11] .
Recently, prasugrel has been introduced as a new potent antiplatelet agent. Prasugrel is expected to be a better antiplatelet agent than clopidogrel because it exerts its antiplatelet effect more rapidly, and there are fewer individual differences in metabolism [13, 14] . In the TRITON-TIMI 38 trial, the safety and efficacy of prasugrel and clopidogrel were compared in patients with acute coronary syndrome (ACS) [15] . At a median follow-up of 14.5 months, the incidence of ischemic events with a 60-mg loading dose and a 10-mg maintenance dose of prasugrel was 19% lower than with clopidogrel (prasugrel arm, 9.9% vs. clopidogrel arm, 12.1%). Importantly, subanalyses of TRITON-TIMI 38 trial demonstrated that common functional CYP genetic variants were associated with diminished platelet inhibition and higher rates of cardiovascular events in patients treated with clopidogrel but not in those treated with prasugrel [16, 17] . However, the incidence of bleeding events was 32% higher in the prasugrel group (prasugrel arm, 2.4% vs. clopidogrel arm, 1.8%). Since the TRITON-TIMI 38 trial was conducted in 30 Western and South American countries, but no Asian countries, it is unclear whether these results can be simply extrapolated to Asian populations. Asian populations have a lower risk of ischemic events and a higher risk of bleeding events than Western populations [18] [19] [20] . Therefore, it is possible that a lower level of platelet inhibition would be sufficient in Asian populations than in Western populations. In this context, the PRASFIT-ACS study was carried out to establish the appropriate dosage of prasugrel for Japanese patients with ACS. In the trial, a 20-mg loading dose and a 3.75-mg maintenance dose of prasugrel were compared with conventional doses of clopidogrel. At 24 weeks of follow-up, the incidence of major adverse cardiovascular events was numerically lower in the prasugrel group than in the clopidogrel group (9.4% vs. 11.8%). There was no apparent increase in the incidence of bleeding events (1.9% vs. 2.2%). Based on these results, a loading dose of 20 mg and a maintenance dose of 3.75 mg were established for prasugrel in Japan. Prasugrel was approved in 2014 in Japan. It has been used in the treatment of patients with ACS [21] . However, real-world clinical data on Japanese patients with AMI remain limited. Therefore, the present JAMIR study was designed to prospectively assess ischemic and bleeding events in Japanese patients with AMI and their association with antiplatelet therapy.
Methods

Study Population
We registered all consecutive patients presenting with spontaneous onset of AMI between December 2015 and May 2017 at 50 institutions (Fig. 1) . Table 1 summarizes the registry's inclusion and exclusion criteria. AMI was diagnosed based on either the MONICA criteria or the universal definition [22, 23] . We excluded patients who were admitted to the hospital ≥ 24 h after onset, with no return of spontaneous circulation on admission after out-of-hospital cardiopulmonary arrest, or had AMI as a complication of percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG). Management of patient was dependent on the discretion of treating physician, and antiplatelet regimen and dosage were determined according to the guidelines of the Japanese Circulation Society [24, 25] .
Study End Points
The primary end point of the study is the composite of cardiovascular death, non-fatal myocardial infarction, and non-fatal stroke. Cardiovascular death is defined as any death with a demonstrable cardiovascular cause or any death that is not clearly attributable to a non-cardiovascular cause. Myocardial infarction must be distinct from the index event and is defined based on symptoms suggestive of ischemia or infarction, electrocardiographic data, cardiac biomarker data, or pathological evidence of infarction depending on the clinical situation based on criteria adapted from the American College of Cardiology definitions (Bethesda, MD) [26, 27] . Major safety end points include major bleeding based on the Thrombolysis in Myocardial Infarction (TIMI) criteria and type 3 or 5 bleeding based on the Bleeding Academic Research Consortium (BARC) criteria [28, 29] .
Secondary end points include a composite of ischemic events (cardiovascular death, non-fatal myocardial infarction, and non-fatal cerebral infarction) and bleeding events (major bleeding based on TIMI criteria); individual components of ischemic events; all-cause death; stent thrombosis; major and minor bleeding based on TIMI criteria; type 2, 3, or type 5 bleeding based on the BARC criteria; and hospital readmission due to heart failure. Stent thrombosis was defined as definite or probable stent thrombosis according to the Academic Research Consortium definition [30] .
Data Collection
All patients who met the eligibility criteria were registered at each study site. Primary data collection is derived from the patient's medical record. Information was collected on patient demographics, medical history, ambulance use, details about coronary angiography and invasive therapy, cardiac medications, and outcomes (Table 2) . Investigators, clinical research coordinators, or local data managers at each study site registered the data using the JAMIR registration system. The data were anonymized in a linkable manner at each study site before they were sent. A follow-up study of patients was conducted 1 year after the onset of AMI based on the medical information available at each study site. A letter requesting for follow-up was sent to patients whose medical information was not available at the study sites after 1 year due to hospital transfer or other reasons. When the letter was sent, appropriate informed consent was obtained.
Data Analysis
Univariate and multivariate analyses will be performed to identify determinants of ischemic and bleeding events after AMI. All pre-specified and exploratory analyses will be performed by the JAMIR group using SAS (SAS Institute, Inc., Cary, NC, USA).
Baseline continuous variables will be presented as means ± SD or medians and interquartile range, depending on the distribution of the data. Categorical variables will be presented as counts and percentages.
Study Organization
This prospective study is planned by the Japan Cardiovascular Research Foundation and is coordinated by the JAMIR group. IQVIA Services Japan serves as the contract research organization and provides data and site management services. The steering committee is responsible for the scientific content of the protocol, protocol implementation, results presentation, and manuscript preparation. Trial operations are monitored and coordinated by the operation committee.
Baseline Patient Characteristics
JAMIR started enrollment in December 2015. By the end of July 2017, a total of 3411 patients were registered from 50 sites across Japan (Fig. 2) . All institutes except one used the universal definition for the diagnosis of AMI, and 99% of study patients (3371 of 3411) were diagnosed by the universal 
Discussion
JAMIR is a registry of Japanese patients with AMI designed to be a multicenter, nationwide, prospective observational study with the primary objective of examining ischemic and bleeding events and their relationship with antiplatelet therapy. A total of 3411 patients were enrolled between December 2015 and May 2017; soon after prasugrel, a potent antiplatelet agent, was introduced in Japan. The Prevention of Atherothrombotic Incidents Following Ischemic Coronary Attack (PACIFIC) registry is a multicenter, prospective, observational study of Japanese patients with ACS [31] . Between May 2008 and May 2009, 3597 consecutive patients aged ≥ 20 years hospitalized for ACS were enrolled at 96 hospitals and followed for 2 years. The majority (93.5%) of patients underwent PCI, with a success rate of 93.9%. Antiplatelet agents were prescribed to 99.3% of patients, and 92.6% of the entire group received DAPT (e.g., aspirin plus clopidogrel). The cumulative incidence of major adverse cardiac and cerebrovascular events (MACCEs) was 6.4%, and all-cause mortality was 6.3%. However, due to pharmacological limitations of clopidogrel (interindividual variability in biological efficacy, slow onset of action, mild inhibition of platelet reactivity), ischemic recurrences remained common following stent implantation, especially in patients with ACS. Thus, more potent P2Y12 inhibitors, such as prasugrel and ticagrelor, were developed to overcome these pitfalls. New P2Y12 inhibitors have a considerable safety and tolerability profile and are associated with lower mortality in patients undergoing PCI compared with clopidogrel; however, the risk/benefit ratio of ischemic and bleeding events should be further investigated in real-world clinical practice.
Indeed, the recent Korean AMI Registry (KAMIR) study demonstrated that prasugrel and ticagrelor had similar rates of MACCEs at 1 year, but a higher rate of bleeding events compared with clopidogrel (MACCEs, clopidogrel 2.1% vs. prasugrel 2.6% vs. ticagrelor 2.1%, p = 0.790; bleeding events, clopidogrel 3.1% vs. prasugrel 8.0% vs. ticagrelor 8.0%, p < 0.001) [32] . However, it should be noted that Korean patients who underwent PCI received 300 mg aspirin and 60 mg prasugrel or 180 mg ticagrelor as a loading dose prior to PCI. The maintenance dose after PCI was 100-300 mg aspirin and/or 5 or 10 mg prasugrel once daily or 90 mg ticagrelor twice daily [33] . Despite having an East Asian study population, this study included doses of prasugrel that are different from that of Japan; thus, further studies like the present JAMIR study are warranted to adapt Western guidelines on new potent P2Y12 inhibitors for East Asians. With regard to the definition of AMI, MONICA criteria had been widely used in Japan [23] . The first universal definition was developed in 2000 [34] , and the third universal definition was published in 2012 [22] . Although the universal definition based on high-sensitive troponin measurement was becoming common in Japan, we did not know how much participating hospital applied the universal definition when we planned the JAMIR project. Accordingly, we allowed both definitions for the JAMIR; however, as a result, all institutes except for one used the third universal definitions. This result suggests that diagnosis of AMI based on high-sensitive troponin measurement has become common in Japan.
Conclusion
This study will provide important information regarding contemporary practice patterns in the management of Japanese patients with AMI, their demographic and clinical characteristics, and in-hospital and post-discharge outcomes.
Compliance with Ethical Standards
Conflict of Interest Dr. Yasuda reports remuneration for lectures from Takeda, Daiichi Sankyo, and Bristol-Myers Squibb and trust research/ joint research funds from Takeda and Daiichi Sankyo; Dr. Takayama reports lecture fees from Daiichi Sankyo; and Dr. Ogawa reports lecture fees and research grants from AstraZeneca, Bayer, Boehringer Ingelheim,Daiichi Sankyo, Pfizer, and Sanofi. Other authors have no conflict of interest.
Ethical Approval This study has been conducted in accordance with the ethical guidelines for medical research on humans laid out in the Declaration of Helsinki. This research protocol was designed by the authors and approved by the Institutional Review Board of the National Cerebral and Cardiovascular Center and local ethics committees or local institutional review board at each study site. Although informed consent was not obtained due to the observational nature of this registry, details about the study were posted on a website and at the study sites (opt-out) to inform the subjects of the content and timeline of the study and to ensure that they have the opportunity to refuse participation in this registry. In addition, the research secretariat confirmed compliance with opt-out procedures at each study site. This study is registered with the Japanese UMIN Clinical Trials Registry (UMIN000019479).
Open Access This article is distributed under the terms of the Creative Comm ons Attribution 4.0 International License (http:// creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
